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Wednesday, February 19, 2014 761asimulations (~1 ms each) were used to compare the open-state of the three hu-
man isoforms, obtaining a structural characterization particularly focused on
the localization and mobility of N-termini (3) and its interaction with the b-bar-
rel. In addition, each isoform was simulated in presence of KCl 0.5 M to inves-
tigate ions diffusion events, either in absence and presence of a 10 mV external
electric field, in order to compare the selectivity, permeability ratio and ion
currents.
The specific hydrophobic interactions and hydrogen bonds between N-terminal
fragments and the barrel were found to be related to the intrinsic breathing mo-
tions of the latter. The overall shape of channels can be described as an ellipse,
whose axes fluctuations are markedly anticorrelated in hVDAC1 and hVDAC3
while, essentially, no correlation was observed in hVDAC2.
Free-energy profiles of chloride and potassium ions reflect the anion selectivity
of the isoforms with no significant differences in the average translocation time
in both directions. However, a comprehensive explanation of differences be-
tween chloride and potassium was obtained with the cluster analysis that
showed a preferential localization of the former in the middle of the pore while
the latter ’segregated’ at the periphery. The relative number of clusters in the
three human isoforms of VDAC agrees with their relative selectivity. The po-
sition of the clusters matches with the charged residues distribution around the
lumen.
1. Messina A. (2012) BBA 181:1466.
2. De Pinto V. (2010) BBA 1797:1268.
3. Reina S. (2010) FEBS Lett. 584:2837.
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Metabolites, nucleotides, and ions are transported across the outer membrane
of mitochondria (OMM) via the voltage-dependent anion channel, VDAC.
Besides its role as the gatekeeper that regulates the metabolic and energetic
functions of mitochondria, VDAC has also been implicated in apoptosis. In
neurodegenerative and cardiovascular diseases, the most abundant isoform,
VDAC1, has been shown to undergo post-translational modifications
(PTMs). However, the impact of PTMs on VDAC1 characteristics and sub-
sequent mitochondrial dysfunction are not well established. We developed a
computational model that accurately described the effects of PTMs on
VDAC1 gating. Channel activity was obtained from recombinant or purified
cardiac VDAC1 incorporated into lipid bilayers. Recordings were acquired in
the presence of a nitric oxide donor, PAPA NONOate (PPN), and from a
VDAC1 phosphomimetic, S137E. For analysis of VDAC1 activity, we
used Bayesian statistics combined with Markov Chain Monte Carlo
(MCMC) sampling which provided an excellent method for identifying
kinetic models and associated parameters. Unlike the maximum likelihood
estimator, the MCMC method returned the probability distribution of the
rate constants from which the model fitness and identifiability were reliably
obtained. The gating of wild-type, S137E mutant, and VDAC1 exposed to
PPN (25 and 100 mM) could be described by a single kinetic model having
five states with three distinct conducting states. Additionally, the model re-
vealed transition kinetics that were not previously identified. Thus, our
MCMC-based model allows for the prediction of VDAC1 activity under
various PTM conditions. Our next stage is to integrate this kinetic model
with a computational model of mitochondria to develop a comprehensive
model that encompasses the changes in ionic flow across the OMM to
more accurately predict mitochondrial dysfunction under pathophysiological
conditions.
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Both plasma and organelle membranes are known to have ionic permeability,
but the molecular basis for the organelle ion conductances and their regulations
are poorly understood. Using whole organelle current- and voltage-clamp
recording from enlarged endosomes and lysosomes, we characterized the en-
dolysosomal ion conductances. The organelles are highly permeable to Hþ
and their relative Naþ permeability (PNa/PK) can change drastically up to28-fold under various conditions. Voltage-clamp recordings revealed ion chan-
nels permeable to Kþ, Hþ, Naþ and/or Cl-. In endolysosomes from macro-
phages, cardiac myocytes and neurons, we found an ATP-sensitive Naþ
channel (lysoNaATP). The channel pore is formed by two-pore channel pro-
teins (TPCs), proteins with similarity to the 24 transmembrane-spanning
(4x6TM) plasma membrane Naþ and Ca2þ channels but with only half the
size (2x6TM). The ATP sensitivity of the channel requires mTORC1. When
extracellular nutrients (amino acids in particular) are present, mTOR translo-
cates onto lysosomal membranes where it closes the TPC channel in a kinase-
and ATP-dependent manner. Using knockout mice lacking TPCs, we found
that the channel controls lysosomal pH stability, couples cell’s energy and
metabolic status to lysosomal function, and is required for animal’s physical
endurance during food shortage.
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The size of the light-induced proton motive force (pmf) across the thylakoid
membrane of chloroplasts is regulated in response to environmental stimuli.
Here, we describe a component of the thylakoid membrane, the two-pore po-
tassium (Kþ) channel TPK3, which modulates the composition of the pmf
through ion counterbalancing. Recombinant TPK3 exhibited potassium-
selective channel activity sensitive to Ca2þ and Hþ. In Arabidopsis plants,
the channel is found in the thylakoid stromal lamellae. Arabidopsis plants
silenced for the TPK3 gene display reduced growth and altered thylakoid
membrane organization. This phenotype reflects an impaired capacity to
generate a normal pmf, resulting in reduced CO2 assimilation and deficient
non-photochemical dissipation of excess absorbed light. Thus, the TPK3
channel manages the pmf necessary to convert photochemical energy into
physiological functions.
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Gap junctions channels communicate the cytoplasms of adjacent cells, and are
formed by head-to-head association of two hemichannels, one from each of
the adjacent cells. Gap-junction channels and hemichannels mediate electrical
and chemical communication between cells due to their permeability to ions
and hydrophilic molecules with molecular weights of up to 1,000 Da. Muta-
tions of Cx26 are the most frequent cause of genetic deafness, and it is there-
fore important to understand the structure-function relationship of wild-type
and deafness-associated mutants. Currently the preferred system for connexin
overexpression is the insect cell/baculovirus system. This system has many
drawbacks, including complexity and cost, which severely limit high-
throughput screening of mutants. Here, we present an E. coli-based expression
system for Cx26 that yields functional protein. The functional and biochem-
ical properties of Cx26 hemichannels purified from insect cells and E. coli
were indistinguishable. We also show that a poly-His tag fused to the
C-terminal end affects hemichannel gating. We conclude that the E. coli-
based expression system is suitable to produce milligram amounts of purified
and functional Cx26 hemichannels. Supported by National Institutes of Health
grants R01GM79629 and 3R01GM079629-03S1, Fondecyt #1120214, and
Anillo ATC1104.
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Phospholamban (PLN) is a small integral membrane protein, which is
involved in the contractility of cardiac muscle by regulating intracellular
calcium concentration of cardiac myocytes. PLN binds and inhibits in a yet
unknown way the sarco/endoplasmic reticulum Ca2þ-ATPase. When reconsti-
tuted in planar lipid bilayers PLN exhibits ion channel activity with a main
762a Wednesday, February 19, 2014low unitary conductance, a sub-conductance level and a long open/closed
dwell time[1]. From the effect of non-electrolyte polymers on this unitary
conductance we estimate a narrow pore with a diameter of ca. 2.2 A˚[2].
This value is similar to that reported for the central pore in the structure of
the PLN pentamer[3]. Hence the PLN pentamer, which is in equilibrium
with the monomer[4], is the most likely channel forming structure. Moreover,
recent data on selectivity show that the channel follows the II Eisenmann
sequence (Rb>Cs>K>Na>Li). This pattern reveals that the ion selectivity
is regulated by the radius of the binding site and not by the ionic radius.
Our results combined with computational data suggest the presence of a selec-
tivity filter in the pentamer PLN.
[1] S. Smeazzetto, I. Schroder, G. Thiel, M. R. Moncelli, Phys. Chem. Chem.
Phys. 2011, 13, 12935.
[2] S. Smeazzetto, A. Saponaro, H. S. Young, M. R. Moncelli, G. Thiel, PLoS
One 2013, 8, e52744.
[3] K. Oxenoid, J. Chou, Proc. Natl. Acad. Sci. USA 2005, 102, 10870.
[4] R. L. Cornea, L. R. Jones, J. M. Autry, D. D. Thomas, Biochemistry. 1997,
36, 2960.
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Background: Transient Receptor Potential Subfamily Melastatin Member 4
(TRPM4) is a non-selective cardiac cation channel. Mutations in its gene cause
cardiac conduction disease. The mechanisms underlying TRPM4-dependent
conduction disorders are not fully understood.
Aim: To investigate genetic variants of TRPM4 from congenital atrio-
ventricular block (cAVB) patients.
Methods and Results: Ninety-five cAVB patients were screened for candidate
genes. We found 6 genetic variants in TRPM4. In whole-cell patch-clamp
configuration, TRPM4 displays two current phases after patch rupture: transient
(tr) and plateau (pl). Two cAVB mutants, p.A432T and p.A432T;G582S,
showed lower protein expression (2954% and 1757% n=4) and one,
p.G582S, showed higher expression (177515% n=4) compared to WT. Inter-
estingly, only the plateau phase matches the protein expression profile
(p.A432T 241523pA/pF n=6, p.G582S 9945118pA/pF n=6 vs. WT
580566pA/pF n=20). Lower incubation temperature (28C for 24h), which
compromises protein quality control, rescued low expressing mutants, both at
protein (p.A432T 7258% and p.A432T;G582S 6557% n=3) and functional
(p.A432T 6005114pA/pF n=6 vs. WT 6395116pA/pF n=4) levels. We stud-
ied whether ubiquitylation plays a role in this loss-of-expression. Despite being
ubiquitylated, no link between ubiquitylation and TRPM4 expression could be
observed.
Conclusions: TRPM4 mutations in cAVB patients cause loss- or gain-of-
function. Analogous to the supernormal conduction phenomenon, we speculate
that increase or decrease of its activity in the conduction system may hyperpo-
larize or depolarize the resting membrane potential; thus, reducing the avail-
ability of sodium channels and subsequently leading to conduction slowing
and clinical phenotype.
3852-Pos Board B580
The Contribution of Store Operated and Store Independent Calcium
Entry to Migration in a Model of Neuroendocrine Cancer
Priyodarshan Goswamee, Sukhmit Kaur, David R. Giovannucci.
Neuroscience, University of Toledo, Toledo, OH, USA.
Orai1, the pore-forming sub-unit of a plasma membrane resident Ca2þ-chan-
nel and STIM-1, a Ca2þ-sensor localized to the endoplasmic reticulum are
known to be involved in the canonical Store-operated Ca2þ-entry (SOCE)
pathway. In recent years, this pathway has been implicated in cell migration
of some types of cancers. However, it is not clear how near-maximal store
depletion, a signal that is thought to be necessary for SOCE activation and
generally considered pathophysiological, may effectively contribute to cell
migration. Alternatively, a distinct, less well-studied store-independent chan-
nel type containing Orai1 and Orai3 has been shown to mediate Ca2þ-entry
following activation by arachidonic acid. The relative contribution of store-operated and store-independent Ca2þ-entry pathways in cancer cell migration
has not been adequately interrogated. The present study investigated this
question in a model gastro-enteropancreatic neuroendocrine tumor (GEPNET)
cell line by utilizing pharmacological and gene-silencing methods in combi-
nation with live cell fluorescence imaging and standard migration assays. It
was revealed that these Ca2þ-entry pathways could be independently acti-
vated and regulated in these cells. While, classical SOCE required participa-
tion of Orai-1 and STIM1, the arachidonate mediated Ca2þ-entry pathway
required in addition Orai3. Having identified both SOCE and arachidonate
mediated Ca2þ-entry in GEPNET cells, their relative roles in cell migration
were assessed using modified Boyden chamber assays. By selectively modu-
lating channel conductances using pharmacological agents or sh-RNA to
knockdown protein expressions, it was revealed that the arachidonate medi-
ated Ca2þ-entry is the dominant pathway that induced migration in this
type of cancer. Taken together, these data address the complex interaction be-
tween distinct Ca2þ-entry pathways that may induce cell migration yet utilize
a common pool of molecular machinery.
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The rate of sudden cardiac death (SCD) in patient with heart failure (HF) is
about 9 times higher than that in the general population; however, the mech-
anisms of HF-associated SCD are poorly understood. We previously demon-
strated that stress (isoproterenol chanllenge) induced a burst of reactive
oxygen species (ROS) in association with delayed afterdepolarizations
(DAD) in isolated failing cardiomyocytes, and inhibition of mitochondrial
Naþ/Ca2þ exchanger (mNCE) prevented ROS production and DAD. Here,
we tested the hypothesis that isoproterenol challenge induces arrhythmias
in the failing heart and that the mNCE inhibitor, CGP-37157 (CGP), has
anti-arrhythmic effect. The guinea pig HF model, ACi, was produced with
aorta constriction combined with daily isoproterenol injection for 4 weeks.
Perfused shami (sham with daily isoproterenol injection), ACi, and
ACiþCGP hearts were subjected to the following electrocardiographic
recording protocol: 10-minute baseline, 15-minute with 10 mM isoproterenol,
and 20-minute after washout of isoproterenol (post-iso). In ACiþCGP group,
1 mM CGP was added to the buffer at the beginning of baseline recording.
Arrhythmias were evaluated with heart rate variability (HRV) analysis. Iso-
lated ACi hearts did not show significant arrhythmia at baseline. Surprisingly,
isoproterenol challenge did not induce overt arrhythmias during the period of
maximum LVPD in either group. However, HRV was dramatically increased
during post-iso state in ACi heart. SDNN (standard deviation of the normal
beat RR interval), RMSSD (root mean square of successive differences in
RR), and non-linear parameters, SD1 and SD2 during post-iso was
42.0858.51, 65.60515.60, 46.418511.048, and 36.54256.167 in ACi,
respectively, whereas they were 3.8551.39, 0.8850.29, 0.62650.207,
5.39451.968 in shami, respecitively, p%0.05. CGP-37157 treatment pre-
vented HRV increase in ACi heart during post-iso. Our results suggest that
mNCE is an important therapeutic target for HF-associated ventricular
arrhythmia and SCD.
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Altered Ca2þ homeostasis is a key determinant of cardiac remodeling and
contractility during chronic heart disease. Aberrant activation of calpain, a
ubiquitous Ca2þ-dependent protease can contribute to loss of Ca2þ control in
cardiomyocytes. Calpain cleaves NCX1, but the underlying significance of
the direct cleavage of NCX1 by calpain remains to be determined.
By bioinformatics and mutational analysis we identified M369 as a putative
calpain cleavage site residing within the a-catenin-like domain (CLD) in
NCX1. Importantly, the cleavage of NCX1 at M369 corresponded to a proteo-
lytic fragment of 75 kDa in left ventricular biopsies from aorta stenosis (AS)
patients and in the failing left ventricle of rats following aortic banding (AB).
Moreover, calpain binding in the CLD and Ca2þ -binding domain (CBD1) of
